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FRUIT RIPENING 

This invention relates to DNAs produced by melon (Cucumis melo L.) during fruit 
ripening and the use of these DNAs to control the ripening process. 
S Thus, this invention relates generally to the modification of a plant phenotype by the 

regulation of plant gene expression. More specifically it relates to the control of fruit ripening 
by control of one or more than one gene which is known to be implicated in that process. 

Two principal methods for the control of expression are known. These are referred to 
in take art as "antisense downregulation" and "sensedownregulation or "cosuppression". 
10 Both of these methods lead to an inhibition of expression of the target gene. 

Overexpiession is achieved by insertion of one or more than one extra copies of the 
selected gene. Other lesser used methods involve modification of the genetic control 
elements, the promoter and control sequences, to achieve greater or lesser expression of an 
inserted gene. 

IS In antisense downregulation, a DNA which is complementary to all or part of the 

target gene is inserted into the genome in reverse orientation and without its translation 
initiation signal. The simplest theory is that such an antisense gene, which is transcribable but 
not translatable, produces mRNA which is complementary in sequence to mRNA product 
transcribed from the endogenous gene: that antisense mRNA then binds with the naturally 

20 produced "sense" mRNA to form a duplex which inhibits translation of the natural mRNA to 
protein. It is not necessary that the inserted antisense gene be equal in length to the 
endogenous gene sequence: a fragment is sufficient. The size of the fragment does not 
appear to be particularly important. Fragments as small as 40 or so nucleotides have been 
reported to obtain the inhibitory effect However, it has to be said that fewer nucleotides may 

25 very well work: a greater number, up to the equivalent of full length, will certainly work. It 
is usual simply to use a fragment length for which there is a convenient restriction enzyme 
cleavage site somewhere downstream of fifty nucleotides. The fact that only a fragment of 
the gene is required means that not all of the gene need be sequenced. It also means that 
commonly a cDNA will suffice, obviating the need to isolate the full genomic sequence. 

30 The antisense fragment does not have to be precisely the same as the endogenous 

complementary strand of the target gene. There simply has to be sufficient sequence 



WO 97/37023 PCT/GB97/00824 

-2- 



similarity to achieve inhibition of the target gene. This is an important feature of antisense 
technology as it permits the use of a sequence which has been derived from one plant species 
to be effective in another and obviates the need to construct antisense vectors for each 
individual species of interest Although sequences isolated from one species may be effective 

5 in another, it is not infrequent to find exceptions where the degree of sequence similarity 
between one species and the other is insufficient for the effect to be obtained. In such cases* 
it may be n necessary to isolate the species-specific homologue. Antisense downregulation 
technology is well-established in the art. It is the subject of several textbooks and many 
hundreds of journal publications. The principal patent reference is European Patent No. 

10 2540,208 in the name of Calgene Inc. There is no reason to doubt the operability of 

antisense technology. It is well-established, used routinely in laboratories around the world 
and products in which it is used are on the market Both overexpression and downregulation 
are achieved by "sense" technology. If a full length copy of the target gene is inserted into 
the genome then a range of phenotypes is obtained, some overexpressing the target gene, 

15 some underexpressing. A population of plants produced by this method may then be screen 
and individual phenotypes isolated. As the antisense, the inserted sequence is lacking in a 
translation initiation signal. Another similarity with antisense is that the inserted sequence 
need not be a full length copy. Indeed, it has been found that the distribution of over- and 
under-expressing phenotypes is skewed in favour of underexpression and this is advantageous 

20 when gene inhibition is the desired effect. For overexpression, it is preferable that the 

inserted copy gene retain its translation initiation codon. The principal patent reference on 
cosuppression is European Patent No. 465,572 in the name of DNA Plant Technology Inc. 
There is no reason to doubt the operability of sense/cosuppression technology. It is well- 
established, used routinely in laboratories around the world and products in which it is used 

25 are on the market 

Sense and antisense gene regulation is reviewed by Bird and Ray in Biotechnology and 
Genetic Engineering Reviews 9:207-227 (1991). The use of these techniques t control 
selected genes in tomato has been described by Gray et al., Plant Molecular Biology, J5 69-87 
(1992). 

30 Gene cc-trrol by any of the methods described requires insertion of the sense or 

antisense sequence, with appropriate promoters and termination sequences containing 
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polyadenylation signals, into the genome of the target plant species by transformation, 
followed by regeneration of the transfonnants into whole plants. It is probably fair to say that 
transformation methods exist for most plant species or can be obtained by adaptation of 
available methods. 

For dicotyledonous plants the most widely used method is Agrobacterium-mcdiaied 
transformation. This is the best known, most widely studied and, therefore, best understood 
of all transformation methods. The rhizobacterium Agrobacterium tumefaciens, or the related 
Agrobacterium rhizogenes, contain plasmids which, in nature, cause the formation of disease 
symptoms, crown gall of hair root tumours, in plants which are infected by the bacterium. 
Part of the mechanism employed by Agrobacterium in pathogenesis is that a section of 
plasmid DNA which is bounded by right and left border regions is transferred stably into the 
genome of the infected plant Therefore, if foreign DNA is inserted into the so-called 
"transfer" region (T-region)in substitution for the genes normally present therein, that foreign 
gene will be transferred into the plant genome. There are many hundreds of references in the 
journal literature, in text books and in patents and the methodology is well-established. 

The effectiveness of Agrobacterium is restricted to the host range of the 
microorganism and is thus restricted more or less to dicotyledonous plant species. In general 
monocotyldonous species, which include the important cereal crops, are not amenable to 
transformation by the Agrobacteriwn method Various methods for the direct insertion of 
DNA into the nucleus of monocot cells are known. 

In the ballistic method, microparticles of dense material, usually gold or tungsten, are 
fired at high velocity at the target cells where they penetrate the cells, opening an aperture in 
the cell wall through which DNA may enter. The DNA may be coated on to the 
microparticles or may be added to the culture medium. 

In microinjection, the DNA is inserted by injection into individual cells via an ultrafine 
hollow needle. 

Another method, applicable to both monocots and dicots, involves creating a 
suspension of the target cells in a liquid, adding microscope needle-like material, such as 
silicon carbide or silicon nitride "whiskers" and agitating so that the cells and whiskers collide 
and DNA present in the liquid enters the cell. 
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In summary, the, the requirements for both sense and antisense technology are known 
and the methods by which the required sequences may be introduced are known. What 
remains, then is to identify genes whose regulation will be expected to have a desired effect, 
isolate them or isolate a fragment of sufficiendy effective length, construct a chimeric gene in 
which the effective fragment is inserted between promoter and termination signals, and insert 
the construct into cells of the target plant species by transformation. Whole plants may then 
be regenerated from the transformed cells. 

Fruit ripening is a complex developmental process which has been extensively used as 
a model system to dissect genetically programmed organ differentiation. Studies with both 
non climacteric and climacteric fruits such as apples, bananas, tomatoes, pears, avocados and 
mangos, have provided evidence for differential gene expression during ripening. Several 
enzymes showing altered activities during ripening have been reported and the respective 
genes have been cloned. The function of many ripening related genes is still unknown. 

Muskmelon (Cucumis mel L.) is an economically important fruit that has an associated 
climacteric rise in ethylene production during ripening. Studies in melon, as with other 
climateric fruits, have shown that ripening is related to an increase in ethylene synthesis. A 
cDNA clone from melon with homology to the ACC-oxidase (Acol) from tomato, which 
catalyst the terminal step in ethylene biosynthesis, has been isolated and shown to increase 
during ripening. The most notable physiological changes in fruit ripening are the softening of 
the mesocarp tissue, the accumulation of pigments, the development of the characteristic 
aroma and the sweet taste. Softening of the mesocarp is related to modification of pectin and 
hemiceUulosic polysacharides. In melon, these changes are believed to be caused mainly by |J- 
galactosidases, whereas polygalacturonase is important in tomato, avocado and pears. Other 
enzymes are also involved in cell-wall catabolism such as cellulase and xylanase. The change 
of colour in ripe fruits is usually due to carotenoid or anthocyanin accumulation and 
chlorophyll degradation. This has been studied in detail in tomato, which like melon, 
synthesises carotenoids during ripening. A cDNA clone with homology to tomato phytoene 
synthase, a key enzyme in the carotenoid pathway, has been isolated from melon and shown 
to be preferentially expressed during ripening. Sweetness is a characteristic attribute of ripe 
muskmelon and it is also used in quality evaluation. Sugar level appears to be regulated by 
the balance of invertases and synthases present in the fruit tissue. Ripe fruit aroma is 
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associated with a mixture of over fifty compounds, some of which include thioesters. 
Production and release of aromatic volatiles are not well-understood. All these properties of 
the ripe fruit make it attractive to the consumer and their possible manipulation is scientifically 
and commercially interesting. There is, however, a need to identify additional genes involved 
5 in melon ripening. 

This invention is concerned with the control of ripening in fruit and the particular 
interest here is in melons. 

Our interest in controlling the ripening process is to improve the flavour and/or 
texture of fruit both characters being largely affected by the ripening process. 

10 According to the present invention there is provided a ripening-related cDNA from 

melon, said DNA having the sequence SEQ ID NO 1 or SEQ ID NO 2 or a variant thereof 
which encodes the same polypeptide. 

The invention further provides DNA coinstructs for the control of fruit ripening 
comprising promoter and termination regions operable in plant cells and therebetween a DNA 
IS having all or part of SEQ ID NO 1 or SEQ ID N02 in sense or antisense orientation. 

Also, the invention provides a genetically modified plant having altered fruit ripening 
characteristics, said plant having stably incorporated in its genome a DNA construct 
comprising promoter and termination regions operable in plant cells and therebetween a DNA 
having all or part of SEQ ID NO 1 or SEQ ID NO 2 in sense or antisense orientation. 

20 The invention also provides the fruit of the aforesaid genetically modified plant. 

Preferably the plant is melon. However, the invention also envisages the use of the melon- 
derived DNA of the invention to control the fruit ripening process in other fruit-producing 
plants. 

In our experimental work leading to this invention, we have used physiological and 
25 molecular approaches in this study. The period between 30 and 40 days after anthesis (daa) 
seemed to be the most active time in melon ripening although environmental factors such as 
temperature can affect the timing of ripening and the expression levels of some ripening- 
related genes. The colour of the flesh turned from green to orange and the mesocarp tissue 
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started getting softer 30 daa. At this time aromatic compounds were released and the seeds 
were fully developed. Some of the changes in the fruit were correlated with the ethylene 
levels (Fig. 1). When ethylene evolved was measured from detached fruits, it was noticed that 
comparable ethylene levels were associated with fruits of similar physiological stage and 
5 appearance. The ethylene measurements in this report agree with the previous data of 
ethylene production in melon cultivars. 

We have isolated two new ripening-related cDNAs designated as MEL2 and MEL7. 
The MEL2 mRN A was undetected in the early stages of ripening but it showed an enormous 
increase in expression between 30 daa and 40 daa. Its expression peaked at 40 daa when the 
10 fruit was ripe and then decreased. The MEL2 mRNA was detected only in the fruit and not in 
any other plant organ tested. The MEL7 mRNA was detected in various organs of the 
melon plant and in the early stages of ripening. It showed a significant increase in mRNA 
expression from 215 daa. The expression pattern of MEL7 mRNA during fruit ripening was 
similar to MEL2. 

15 In melon fruits an increase in the amounts of mRN As encoding enzymes involved in 

the ethylene biosynthesis pathway, such as ACC-oxidase, ACC-synthase and carotenoid 
production, including phytoene synthase, has been reported. Polyacrylamide gel 
electrophoresis of proteins synthesised in vitro using ripe and unripe melon fruit mRNA 
showed that several proteins increased in abundance during ripening. The 51 kD and 36 kD 

20 proteins may represent the ACC-synthase and ACC-oxidase respectively and the 43 kD 

protein might represent the phytoene synthase, since the molecular weights of these proteins 
correspond to those established for these enzymes. The protein of 17 kD that increased 
during ripening has the predicted size of the MEL7 polypeptide. 

The presence of ethylene seems to play a role in regulating MEL2 AND MEL7 
25 mRNA levels. After 48 hours in a high ethylene atmosphere MEL2 mRNA expression was 
induced and could be detected even in the 20 daa fruit. The MEL7 mRNA was also induced 
after 48 hours of ethylene treatment. Wounding of the tissue resulted in a decrease of the 
MEL2 and MEL7 mRN As which might mean that wounding affects their turnover rate or the 
transcription of the respective genes. 
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Southern analysis data showed that at least four genomic EcoRV fragments hybridised 
to the MEL2 cDN A probe, showing that there are more than one corresponding genes for 
MEL2. The differences in the hybridising signal in digestions with EcoRV and Sail (Fig 7A), 
might suggest that some genes have low homology at the nucleotide level, since there is no 
internal EcoRV site in the MEL2 cDNA sequence, the detection of a 1.0 kb hybridising band 
suggests that the restriction site might be located in an intron sequence. There was only one 
genomic fragment which hybridising to the MEL7 cDNA probe, with approximate size of 
33.6 kb, when melon genomic DNA was digested with EcoRL and BamHl enzymes. This 
result indicated that MEL7 might originate from a single or low-copy gene. 

The RNA binding motif (RNP-CS1), the most conserved region identified as 
characteristic of RNA-binding proteins, was found in the MEL2 predicted polypeptide 
sequence. It is the first time that such a concensus sequence has been found in any ripening- 
related genes so far identified. Its presence indicated the possible involvement of this protein 
in the regulation of RNA turnover. It has been shown that nuclear-locating target signals 
function in plants but the absence of the N-terminal sequence makes it difficult to speculate 
about the localisation of the MEL2 protein and its possible regulatory role in transcription, 
pre-mRNA processing or translation of ripening-related gene(s). However, this could be 
clarified by immunolocalization of MEL2 protein in the fruit cells. 

The homology of the MEL7 predicted polypeptide to the major latex protein is 
interesting. This is the main protein of latex fluid in opium-poppy Nessler et o/ M Plant 
Physiology 22, 499-504 (1985). Latex is produced especially in differentiated cells called 
laticifer cells and its presence has been reported in many plant families. The detection of the 
MEL7 mRNA in higher amounts in roots and stems than in other vegetative tissues coincides 
with the distribution of laticifer cells in plants. The dominant views about the function of 
latex are that it is involved in the sealing of wounds and the storage of secondary metabolites. 
It has been reported that ethylene can increase the production f latex and the activity of 
various enzymes in laticifer cells. If the MEL7 protein proves to be the melon counterpart of 
the major latex protein then its role might be in the protection of the ripe fruit against 
infection and wounding. This view is supported by the fact that the Sn-1 gene product was 
normally detected only in ripe bell pepper fruit but it could also accumulate in the green fruit 
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15 hours after wounding. It is known that fruits become more susceptible to infection and 
damage during ripening, probably because of the softening of the cell walls. It was assumed 
that the MEL7 expression would have been induced by wounding but our results showed that 
its mRNA levels dropped after wounding of the mesocarp tissue. This indicates that there is 
5 no general induction of this mRNA in response of wounding. It is possible, however, that the 
regulation and function of the protein vary in different cell and tissue types. 

The accumulation pattern of mRNAs homologous to these clones suggests their 
possible role in melon ripening, for example, in RNA processing or turnover and wound 
sealing. Since the MEL2 mRNA is ripening-specific, the isolation if the MEL2 promoter will 
1 0 be very usefiil for genetic modification of melon. 

The following is a description of the materials and methods employed in the Examples 
described hereinafter. 

Plant Tissue 

Melon seeds (Cucumis melo L. cv. Cantaloupe charentais) were provided by Tezier Breeding 
15 Institute, Velence, France and grown in a glasshouse in 5 litre pots under 16 hours of light 
Freshly opened female flowers were hand-pollinated and tagged to identify fruit of known 
age. One fruit per plant was allowed to develop. Fruits were harvested after 15, 20, 25, 30, 
35, 40 and 45 days after anthesis (daa). The ripening stage of fruit was also assessed by 
measuring the rale of ethylene evolution immediately after harvesting. The mesocarp tissue 
20 was separated from the seed cavity and epidermis, cut into small pieces, frozen in liquid 
nitrogen and stored at 70 °C. 

Ethylene measurements 

Fruits were harvested and sealed in air-tight glass containers. They were incubated for 
2 hours at room temperature and 1 ml of gas, withdrawn from the container via a Suba-seal, 
25 was used to quantify the external released ethylene, using a Pye Unicam PU4500 Gas 
chromatography 



WO 97/37023 



PCT/GB97/00824 



-9- 

Colour and texture measurements 

The fruits were cut longitudinally and the colour measurements were taken with a 
Chroma meter (Minolta CR-200) by placing the probe on the fruit flesh 1.5cm below the 
epidermis. For the texture measurements a cylindrical sample of fruit tissue 2cm in length and 
5 15mm diameter was removed using a metallic corkborer, starting from the epidermis inwards 
to the seed cavity. The cylinder was compressed with a 12mm diameter probe against a 
metallic base. The required force was pitted against the deformation, till the sample 
collapsed, for each fruit, using a TA-XT2 Texture Analyser (Stable Micro Systems). 

RN A extraction 

10 Different methods were used for total RNA extraction according to the kind of tissue. 

Total RNA from fruit samples and ovaries was extracted using the method described by Smith 
et al % Planta 168:94-100(1986). For leaf, stem, petal and seed material, total RNA was 
extracted according to the procedure of Wads worth et aL, Anal. Blochem 172:279-283 and 
for root samples the method described by Dean et a/, EMBOJ.4:3055-3061(1985) was used. 

15 Poly(A)* mRNA was isolated from fruit total RNA using the polyATract kit (Promega). 

Differential screening 

Replicate plaque lifts, approximately 30,000 pfu per 140 mm plate, were made of a 
dilution of the cDNA library. Lifts were carried out using Hybond-N* ( Amersham) 
membranes as described by the manufacturer. Replicate filters were hybridised to single 

20 strand cDNA probes generated from 0.5 \Lg poly( A*RNA either from unripe or ripe fruit 
using Moloney Murine Reverse transcriptase (Stratagene) and [a- 32 P]dCTP (Amersham). 
Hybridisation conditions were according to the Hybond-N* protocol (Amersham). Clones 
were isolated on the basis of their ability for preferential hybridisation to probes. Primary 
isolates were put through second and third round screens using similar probes until plaque- 

25 pure clones were isolated. 

Northern blots 
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Northern blot analysis was carried out as described by John et al, The Plant J. 
7(3):483-490(1995). The membranes were then exposed for autoradiography at -70 °C using 
intensifying screens. In addition to autoradiography, signal intensity on the membranes was 
quantified directly using an AMBIS 4000 radioanalytical imaging detector and analyzed using 
5 AMBIS QuantProbe version 4 software. 

Genomic DNA extraction and Southern blots 

Genomic DNA was extracted from young leaves according to the method of 
Bernatzky er a/, Theor.App.Genet.72:3 14-32 1(1986). Approximately 10 \ig of genomic 
DNA was digested with restriction enzymes overnight and separated by electrophoresis on a 
10 0.8% agarose gel. The DNA was transferred to nylon membranes (Genescreen plus, Du 

Pont) according to the manufacturer's instructions. The membranes were then hybridised with 
labelled probes (as described for the northerns) at 42 °C and exposed on autoradiographic 
film at -70 °C. 

Radiolabeled probes 

15 DNA probes were synthesised according to the random priming method. The plasmids 
(pMEL2 and pMEL7) were digested with EcoRl and XHOl to remove the cloned inserts 
which were then separated by agarose gel electrophoresis. The cDN A inserts from agarose 
gel were purified using GenecleanD (Bio 101) kit and used as templates for random prime 
labelling. 

20 DNA sequence analysis 

Sequencing was performed by the dideoxy chain termination method using synthetic 
oligonucleotides as primers. The plasinid DNA for sequencing was isolated using Qiagen 
columns and sequenced with the Sequenase V.2.0 (UBS) and Taqtrack (Promega) sequencing 
kits. The DNA sequences data was analyzed using the University of Wisconsin Genetics 
25 Computer Group (GCG) and DNA Strider programs. 
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For in vitro translation two jig of poly (A)* mRNA from unripe (15 and 200 daa) and 
ripe (35 and 40 daa) fruit was used as template in the TNT coupled what germ extract 
(Promega), labelled with 35 S-methionine (Amersham). 

Wounding and ethylene treatment of unripe fruits 

Unripe fruits (20 daa) were wounded by cutting into very small pieces using a scalpel 
blade and frozen in liquid nitrogen after 2 and 6 hours. Control -unwounded -material from the 
same fruits was frozen immediately after harvesting. For ethylene treatment, unripe fniits 
were sealed for 48 hours in 20 \il T 1 ethylene atmosphere inside air-tight glass containers. The 
containers were ventilated every ten hours to avoid low oxygen conditions, resealed and the 
ethylene concentration was restored. 

The invention will now be described by way of Example. The drawings referred to are: 
Fig. 1 Changes in melon fruits during ripening 

(A) The change of colour during ripening. The a hue component from the colour 
measurements was used; negative values indicate green and positive indicate red coloured 
fruits. 

(B) The firmness of the fruit flesh expressed in Newton (N) per mm of deformation. 

(Q The release of ethylene from the detached fruits. All the data were plotted against the age 
of the fruits from an thesis. 

Fig.2 Changes in translatable mRNAs during ripening 

In vitro translation products from unripe (U) and ripe ® fruit poly(a) + mRNA were 
fractionated by SDS-page. Proteins that increase in amount in the ripe fruit sample are 
indicated by arrowheads. The position of molecular weight markers are indicated on the left. 

EX AMMI 



Ripening and fruit attributes 
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The change in melon flesh colour from green to characteristic orange started 30 days 
after anthesis (daa) (Figl A) and was initially most obvious around the seed cavity. The 
change continued, spreading towards the epidermis till the final stage when the fruit reached a 
dark orange colour due to the accumulated pigments. The fruits also showed a dramatic 

5 decrease of firmness (force/deformation) between 30 and 40 daa (Fig. IB). They started to 
soften 25 daa and became extremely soft and watery at 40 daa. The aroma of ripe melon was 
detectable 35 daa and increased till 45 daa. Ethylene from the ripening fruits was detectable 
at 35 daa which coincided with the time when the seeds were fully developed (Fig.lQ. It 
increased between 35 and 40 daa and then continued to increase at a slower rate till 45 daa. 

10 There was no ethylene detected from the green unripe fruits before 30 daa. 

Changes in translatable mRNAs during ripening 

The in vitro translation products of poly(A)* mRNA from ripe and unripe fruit 
revealed proteins that changed in abundance. Proteins with molecular weights of 55,51. 47, 
43, 36, 3 1 , 27, 20 and 17 kD (Fig.2) seemed to increase in the ripe fruit while there were 
15 some proteins that became undetectable as the fruit ripened. Similar changes were observed 
when the total proteins from different ripening stages were analyzed by SDS-PAGE (data not 
shown), although the molecular sizes of some proteins were different. 

EXAMPLE 2 

Isolation of MEL2 and MEL7 cDN A clones 

Two cDN A clones showing differential expression were isolated from the melon ripe 
fruit cDNA library using single stranded cDNA probes from unripe and ripe fruit poly( A)* 
mRNA. The MEL2 clone hybridised with a 1 .6 kb transcript in ripening fruit RN A but the 
insert was 15 12 bp, which indicates that it is not a full-length clone. It has an open reading 
frame (ORF) of 1370 nucleotides but lacks the initiation codon for the amino terminus. The 
3* untranslated sequence is 142 bases in length and contains the putative polyadenylation 
signal. The predicted protein has three potential glycosylation sites and one RNA binding 
motif. Although the sequence is not complete the predicted protein has a high percentage 
(Leu 10.1%, Val 8.1%, lie 6.2%, Ala 7.7%) of hydrophobic amino acids. Sequence analysis 
and hydropathy plot of the MEL2 predicted polypeptide (Fig.3) did not reveal any signal 
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peptide, although such a sequence if present might be in the missing 5* end of the clone. After 
sequence similarity search there was no significant homology with any of the known 
sequences in either nucleotide or protein data bases. 

The MEL7 cDNA insert is 686 bp in length with an ORF of 456 nucleotides. A 200 
bp untranslated sequence is present at the 3* end and has the putative polyadenylation signal at 
nucleotide position 646 to 65 1 . Primer extension experiments showed that the MEL7 
transcript is 14 bases longer than the cDNA (data not shown). The molecular weight of the 
predicted polypeptide is 17.3 kD with 151 amino acids (Fig.4A). There is no signal peptide at 
the amino terminus of MEL7 and the hydropathy profile (Rg.4b) shows no transmembrane 
regions in the polypeptide. There is one putative glycosylation site at position 33 to 35 of the 
amino acid sequence. The MEL7 polypeptide shows significant homology at the amino acid 
level with the major latex protein (33.5% identity and 61.6% similarity, Fig.4a) isolated from 
opium-poppy (Papaver somniferum) and the predicted polypeptide of the Sn-1 gene (32.6% 
identity and 57.6% similarity) isolated from bell pepper (Capsicum annuum). All three 
polypeptides also have similar length and molecular weight 

EXAMPLE 3 

Expression of the MEL2 and MEL7 mRNAs during fruit development and ripening and in 
other organs 

Northern analysis using RNA from fruits and other organs of melon plants revealed 
that MEL2 mRNA accumulated only during ripening (Fig.5 A) and was not detected (less than 
0.5% of maximum expression) in unripe fruits before 30 daa. The levels of MEL2 mRNA 
increased approximately 100-fold between 30 daa and 40 daa (Fig.SA) and decreased 45 daa 
(approximately 40% of maximum), when the fruit became very soft and watery. The MEL2 
mRNA was below the limit of detection in all other plant organs examined (Fig.5A). The 
MEL7 mRNA was present in low amounts during the early stages of ripening, increased from 
25 daa to 40 daa (13-fold) and then declined at 45 daa (approximately 40% of maximum) 
(Fig.5B). The MEL7 mRNA was expressed in very small amounts in various other plant 
organs investigated and was slightly higher in roots (0.6% of maximum), stems (0.65% of 
maximum) and ovaries (0.57%) as compared to seeds, leaves and petals (note the longer 
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exposure tiroes for part of the autoradiograph in Fig.5B). No MEL2 and MEL7 homologues 
were detectable when northern analysis of mRNA from tomato fruit using MEL2 and MEL7 
as probes was performed under low stringency conditions of hybridisation and washings. 

EXAMPLE 4 

5 Expression of the MEL2 and MEL7 mRNAs after ethylene treatment and wounding 

To examine the role of ethylene and wounding in the regulation of MEL2 and MEL7 
genes, unripe fruits were incubated for 48 hours in a high (20 ul l" 1 ) ethylene atmosphere and 
also wounded. Northern analysis of the ethylene-treated and the wounded fruits revealed that 
MEL2 mRNA was undetectable in the 20 daa control fruit and was induced 27-foid after 
10 ethylene treatment. Wounding of the fruit tissue decreased the amount of MEL2 mRNA 7- 
fold, compared with the control, two hours after wounding and it became undetectable after 
six hours (Fig.6A). 

The MEL7 mRNA levels increased approximately 5-fold in response to ethylene when 
compared with the non-treated control samples. In wounded fruits there was more than an 
15 80% decrease in MEL7 mRNA after two hours and approximately 95% decrease after six 
hours when compared with the control unwounded samples (Fig.6B). 

EXAMPLE 5 

Genomic Southern analysis 

Melon genomic DNA was digested with several restriction enzymes and hybridised 
20 with MEL2 and MEL7 radiolabelled probes for southern analysis. Single digests of the 
genomic DNA generated hybridising bands with high molecular weight To overcome this 
problem, double digests were also used. The MEL2 probe hybridised to four EcoKV 
fragments of approximately 6.5, 4.9, 3.8 and 1.0 kb and five Sail fragments of 9.0, 6.2, 4.3, 
3.3 and 1 . 1 kb in size (Fig.7A). In both lanes there were two classes of hybridising signals. 
25 The 6.5 and 4.9 kb bands in the £coRV digest and the 4.3, 3.3 and 1.1 kb bands in the Sail 
digest gave very strong signal while the rest of the bands seemed to hybridise weakly. There 
is a single restriction site in the MEL2 cDNA sequence for the Son enzyme at position 650 of 
th* MFI .2 r.DNA sentience hut none for the EcoRV enzyme. 
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The MEL7 probe hybridised to a single 1.6 kb fragment when genomic DNA was 
digested with EcoRL and BrmHl restriction enzymes. Neither EcoRl nor BamHl enzyme cuts 
the MEL7 cDNA insert. In the HindDI digest two fragments of 3.5 kb and 0.3 kb hybridised 
strongly with the MEL7 probe and two fragments with approximate size of 1.0 and 0.7 kb 
5 hybridised very weakly (Fig.7B). The 0 J kb fragment may be derived from the two internal 
HindUl restriction sites at positions 47 and 324 of the MEL7 cDNA sequence. 

Figure 1 Changes in melon fruits during ripening 

(A) The change of colour during ripening. The a hue component from the colour 

10 measurements was used; negative values indicate green and positive indicate red coloured 
fruits. 

(B) The firmness of the fruit flesh expressed in Newton (N) per mm of deformation. 

(C) The release of ethylene from the detached fruits. All the data were plotted against the age 
of the fruits from anthesis. , 

15 Figure 2 Changes in translatable mRNAs during ripening 

In vitro translation products from unripe (U) and ripe (R) fruit poly(A)* mRNA were 
fractionated by SDS-PAGE. Proteins that increase in amount in the ripe fruit sample are 
indicated by arrowheads. The position of molecular weight markers are indicated on the left. 

Figure 3 DNA sequence of MEL2 clone 

20 Hydropathy plot of MEL2 predicted polypeptide. The hydropathy profile (window of 

1 1 consecutive amino acids) was calculated according to Kyte and Doolittle (1982) and 
pi tted against the amino acid number. 

Figure 4 Amino acid sequence encoded by the MEL7 cDN A clone and comparison 
with the major latex protein. 
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(A) Homology of MEL7 polypeptide (upper sequence) (SEQ ID NO 3) to major latex protein 
of opium-poppy (bottom) (SEQ ID NO 4). A period indicates a weak similarity, a colon 
indicates a strong similarity and a vertical line indicates identity of the compared amino acids. 
Gaps (...) were introduced to both sequences to optimise the alignment. 

5 (B) Hydropathy plot of MEL7 predicted polypeptide. The hydropathy profile (window of 1 1 
consecutive amino acids) was calculated according to Kyte and Doolittle (1982) and plotted 
against the amino acid number. 

Figure 5 Expression of MEL2 and MEL7 mRNAs in melon. organs and during fruit ripening. 

10 Total RNA from ripening stages and various organs of melon was electrophoresed in 

1% agarose gels, blotted onto nylon membranes and hybridised with: 

(A) MEL2 probe 

(B) MEL7 probe. 

The MEL2 probed membrane was exposed for 12 hours while the membrane probed with 
15 MEL7 was exposed 18 hours for the fruit samples and 8 days for the other organ samples. 
The bottom panels show the quantification of the hybridisation of the membranes, expressed 
as a percentage of the maximum signal. 

Figure 6 Expression of MEL2 and MEL7 mRNAs in unripe melon fruits after ethylene 
treatment and wounding. 

20 Unripe melon fruits (20 daa) were treated with ethylene (20 1 for 48 hours) or 

wounded for two hours and six hours. The expression of MEL2 (A) and MEL7 (B) 
homologous mRNAs was determined using northern blot analysis. The RNA samples were: 

1. Control untreated and unwounded fruit; 

2. Ethylene treated fruit; 

25 3 . Wounded fruit after 2 hours; 
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4. Wounded fruit after 6 hours. 



The Accumulation of MEL2 and MEL7, determined by radioanaiytical image detection of the 
northern blot membranes, is shown below the northern blot photographs. The results are 
expressed as a percentage of the maximum signal. 



5 Figure 6 Southern analysis of MEL2 and MEL7 genes. 



Genomic DNA was isolated from melon leaves and digested with different restriction 
enzymes. The DNA was separated on a 0.8% agarose gel, transferred onto nylon membranes 
and probed with MEL2 (A) and MEL7 (B). Molecular weight markers are indicated on the 
left of each blot. 
10 SEQUENCE LISTING 



(1) GENERAL INFORMATION: 
15 (i) APPLICANT: ZENECA LIMITED 

(ii) TITLE OF INVENTION: RIPENING-RELATED DNA FROM MELON 

(iii) NUMBER OF SEQUENCES: 4 

20 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: IP DEPARTMENT. ZENECA AGROCHEMICALS 

(B) STREET: JEALOTTS HILL RESEARCH STATION. 
(Q CITY: BRACKNELL, 

25 (D) STATE: BERKSHIRE, 

(E) COUNTRY: UK 

(F) ZIP: RG42 6ET 

(v) COMPUTER READABLE FORM: 
30 (A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.25 

35 (vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: WO 

(B) FILING DATE: 

(C) CLASSIFICATION: 

40 (viii) ATTORNEY/AGENT INFORMATION: 
(A) NAME: HUSKISSON, FRANK M. 
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. (C) REFERENCE/DOCKET NUMBER: SEE 501 1 1AVO 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 01344 414822 

(B) TELEFAX: 01 344 481 1 12 

(2) INFORMATION FOR SEQ ID NO: 1 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1526 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: RIPENING RELATED CDNA FROM MELON 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: MEL 2 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1 : 

TCGACTTCTC TTTTCACGTA CGAAAATGCC AACCAGAATT GATTGCACCA GCAAATCCTA 60 

CACCCTATGA ATTTAAACAA CTTTCTGATG TGGATGATCA ACAAAGCTTA AGGCTTCAAT 120 

TGCCATTCGT AAATATCTAT CCCCATAATC CAAGTTTGGA GGGAAGAGAT CCAGTGAAGG 180 

TAATAAAGGA AGCAATTGGA AAGGCGTTGG TGTTCTACTA TCCTTTAGCA GGAAGATTGA 240 

GAGAAGGCCC AGGTAGAAAG CTTTTTGTTG AATGTACAGG TGAAGGAATC TTGTTTATTG 300 

AAGCGGATGC AGATGTGAGC TTAGAAGAAT TTTGGGATAC TCTTCCATAT TCACTTTCAA 360 

GCATGCAGAA CAATATTATA CATAACGCTT TAAATTCTGA TGAAGTCCTC AATTCTCCAT 420 

TATTGCTCAT TCAGGTGACA CGACTCAAGT GTGGAGGTTT CATTTTTGGT CTTTGTTTCA 480 

ATCATACTAT GGCAGATGGT TTTGGTATTG TCCAATTCAT GAAGGCTACA GCGGAGATAG 540 

CTCGTGGAGC TTTTGCTCCA TCTATTTTAC CAGTATGGCA AAGAGCTCTC TTAACCGCAA 600 

GAGACCCTCC CAGAATCACT TTTCGCCACT ATGAATACGA CCAAGTAGTC GACATGAAGA 660 

GCGGCCTCAT TCCAGTCAAT AGCAAGATCG ATCAATTATT CTTCTTTAGC CAACTTCAAA 720 

TCTCCACCCT TCGCCAAACT TTGCCAGCCC ACCTTCACGA TTGCCCTTCC TTCGAGGTCC 780 

TCACTGCCTA TGTTTGGCGC CTCCGTACCA TAGCCCTTCA ATTTAAGCCA GAGGAGGAAG 840 

TGCGCTTTCT TTGCGTAATG AATCTACGCT CGAAGATCGA CATACCATTA GGGTATTATG 900 

GTAATGCGGT AGTTGTTCCT GCAGTAATCA CCACCGCTGC GAAGCTTTGT GGGAACCCAC 960 
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TTGGTTATGC TGTAGACTTG ATTAGGAAGG CCAAGGCTAA GGCAACGATG GAGTACATAA 102 0 

AGTCTACGGT GGATCTTATG GTGATTAAAG GACGACCCTA TTTCACTGTA GTTGGATCAT 1080 

TTATGATGTC AGACCTAACG SDNCNTNUDM SUNCAGAATT GGGGTTGAAA ACGTGGACTT 1140 

TGGATGGGGA AAGGCCATTT TTGGAGGACC TACAACCACA GGGGCCAGAA TTACACGAGG 1200 

TTTGGTAAGC TTTTGTGTAC CTTTCATGAA TAGAAATGGA GAAAAGGGAA CTGCGTTAAG 1260 

TCTATGCTTG CCTCCTCCAG CCATGGAAAG ATTTAGGGCA AATGTTCATG CCTCGTTGCA 1320 

AGTGAAACAA GTGGTTGATG CAGTTGATAG CCATATGCAA ACTATTCAAT CTGCTTCGAA 1380 

15 ATAAATAATA TTGTTGAAGG TGGGTCTGAG TTGAACGATG AAATAAATAA TATTATATAT 1440 

ATAGTCATAT G7GTGGCTTT AAAATTATAT TTGGAGTAAA TTACGTATAA AATTCCCATC 1500 

GAAATAAAGA TTTGTTTTCA TGGTCA 1526 



10 



20 



30 



55 



(2) INFORMATION FOR SEQ ID NO:2: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 686 base pairs 
25 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: RIPENING RELATED CDNA FROM MELON 

(vii) IMMEDIATE SOURCE: 
35 (B) CLONE: MEL7 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

40 TCTATATCTA GAGATAGAAG GTTTAAAATC ATGTCTCTAA TTGGAAAGCT TGTGAGTGAA 60 

TTAGAGATCA ATGCAGCTGC TGAGAAATTT TACGAAATAT TCAAAGATCA ATGTTTTCAG 120 

GTTCCCAATA TAACCCCCAG ATGCATTCAA CAAGTTGAAA TTCATGGTAC TAATTGGGAT 180 

45 

GGAAATGGAC ATGGCTCTAT CAAGTCTTGG TATTACACTA TTGATGGCAA GGCAGAAGTT 240 

TTTAAGGAAC GGGTCGAGTT TCACGATGAT AAATTGTTGA TAGTCTTGGA TGGAGTGGGA 300. 

50 GGAGATGTGT TCAAAAATTA TAAAAGCTTT AAACCAGCTT ACCAATTTGT ACCTAAGGAT 360 

CGTAACCATT GCCAGGCAAT TCTGAGTATA GAGTATGAGA AACTTCATCA TGGGTCTCCT 420 

GATCCTCATA AGTATATTGA CCTCATGATT GGTATCACTA ACGACATTGG ATCTCACATT 4 B0 

AAATAAGTAT TTAATGTCTG TCACATTCTC AAGTGTGGCT TGTTAATTTG TTGTGGGAAA 540 

GTTATATTTT ATTTTGAAGT AATTTTCGTG TGGTTGATTA TGTATCTTTG CTATTTTGCT 600 

60 TTTATATTTC AATAAGTTAT ATGGTTTATA TAATATTACA AAGTAAATAA AATCCAAGGA 660 
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TCATCCCTTG TTTATGTTTC GTTATT 686 

(2) INFORMATION FOR SEQ ID NO:3: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 151 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: peptide 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: POLYPEPTIDE FROM CDNA MEL7 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 



Met Ser Leu lie Gly Lys Leu Val Ser Glu Leu Glu lie Asn Ala Ala 
20 1 5 10 15 

Ala Glu Lys Phe Tyr Glu lie Phe Lys Asp Gin Cys Phe Gin Val Pro 
20 25 30 

25 Asn He Thr Pro Arg Cys He Gin Gin Val Glu lie His Gly Thr Asn 

35 40 45 



Trp Asp Gly His Gly His Gly Ser He Lys Ser Trp Tyr Tyr Thr He 
50 55 60 

Asp Gly Lys Ala Glu Val Phe Lys Glu Arg Val Glu Phe His Asp Asp 
65 70 75 80 



Lys Leu Leu He Val Leu Asp Gly Val Gly Gly Asp Val Phe Lys Asn 
35 85 90 95 

Tyr Lys Ser Phe Lys Pro Ala Tyr Gin Phe Val Pro Lys Asp Arg Asn 
100 105 110 

40 His Cys Gin Ala He Leu Ser He Glu Tyr Glu Lys Leu His His Gly 

115 120 125 



Ser Pro Asp Pro His Lys Tyr lie Asp Leu Met He Gly lie Thr Asn 
130 135 140 

Asp He Gly Ser His He Lys 
145 150 

(2) INFORMATION FOR SEQ ID NO:4: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 159 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 
55 (D) TOPOLOGY: unknown 
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(ii) MOLECULE TYPE: peptide 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: MAJOR LATEX PROTEIN FROM OPIUM POPPY 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 

Met Ala His Gin His Thr lie Ser Gly Leu Val Gly Lys Leu lie Thr 
15 10 15 

Glu Ser Glu Val Asn Cys Asn Ala Asp Lys Tyr Tyr Gin lie Phe Lys 
20 25 30 

His His Glu Asp Leu Pro Ser Ala lie Pro His lie Tyr Thr Ser Val 
35 40 45 

Lys Ala Val Glu Gly His Gly Thr Thr Ser Gly Cys Val Lys Glu Trp 
50 55 60 

Cys Tyr lie Leu Glu Gly Lys Pro Leu Thr Val Lys Glu Lys Thr Thr 
€5 70 .75 80 

Tyr Asn Asp Glu Thr Arg Thr lie Asn His Asn Gly lie Glu Gly Gly 
85 90 95 

Met Met Asn Asp Tyr Lys Lys Phe Val Ala Thr Leu Val Val Lys Pro 
100 105 110 

Lys Ala Asn Gly Gin Gly Ser lie Val Thr Trp lie Val Asp Tyr Glu 
115 120 125 

Lys He Asn Glu Asp Ser Pro Val Pro Phe Asp Tyr Leu Ala Phe Phe 
130 135 140 

Gin Gin Asn He Glu Asp Leu Asn Ser His Leu Cys Ala Ser Asp 
145 150 155 
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CLAIM? 

1 . A ripening-related cDNA from melon, said DNA having the sequence SEQ ID NO 1 
or SEQ ID NO 2 or a variant thereof which encodes the same polypeptide. 

2. A DNA construct for the control of fruit ripening comprising promoter and 
termination regions operable in plant cells and therebetween a DNA having all or part 
of SEQ ID NO 1 or SEQ ID NO 2 in sense or antisense orientation. 

3. A genetically modified plant having altered fruit ripening characteristics, said plant 
having stably incorporated in its genome a DNA construct comprising promoter and 
termination regions operable in plant cells and therebetween a DNA having all or part 
of SEQ ID NO 1 or SEQ ID NO 2 in sense or antisense orientation. 

4. A plant as claimed in claim 3 in which said plant is melon. 

5. Fruit of the genetically modified plant claimed in claim 3 or claim 4. 

6. A microbiological method for the production of a genetically modified plant 
comprising providing a DNA construct for the control of fruit ripening comprising 
promoter and termination regions operable in plant cells and therebetween a DNA 
having all or part of SEQ ID NO 1 or SEQ ID NO 2 in sense or antisense orientation, 
inserting said construct into a cell of a plant and regenerating a whole plant from said 
cell. 
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7. A geneticaJly modified plant, said plant being the product of the method claimed in 
claim 6. 
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FIGURE 1 (cont'd) 
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FIGURE 4 
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FIGURE 6 
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FIGURE 7 
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FIGURE 7 (cont'd) 
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